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ABSTRACT
Archived wind tunnel test data are available for flyback
booster or other alternate recoverable configurations as well
as reusable orbiters studied during initial development
(Phase B) of the Space Shuttle. Considerable wind tunnel
data was acquired by the competing contractors and the NASA
centers for an extensive variety of configurations with an
array of wing and body planforms.
All contractor and NASA wind tunnel test data acquired in the
Phase B development have been compiled into a database and
are available for applying to current winged flyback or
recoverable booster aerodynamec studies.
The Space Shuttle Phase B Wind Tunnel Database is structured
by vehicle component and configuration type. Basic
components include the booster, the orbiter and the launch
vehicle.
Booster configuration types include straight and delta wings,
canard, cyl indrical, retro-glide and twin body.
Orbiter configuration types include straight and delta wings,
lifting body, drop tanks end double delta wings.
Launch configuration types include booster and orbiter
components in various stacked and tandum combinations.
The digital database consists of 220 files of data containing
basic tunnel recorded data. Database structure is documented
in a series of reports which include configuration sketches
for the various planforms tested.
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1.0 INTRODUCTION
1.1
_D_¢9 Shuttle Development Phases
Development of the Space Transportation System (STS)
encompassed the study of a large number of conceptual
designs and an extensive wind tunnel testing program.
Phases of the development program are identified as:
Phase A - Concept Feasibility Studies - lg69-19T0
Phase B - Preliminary Design Studies - 1970-1972
Phase C/D - Design and Development - 1972-1983
During the Phase A and B periods, completely reusable
systems were studied including the "flyback" booster.
However, due to the large cost of the completely
reusable concept, NASA decided at the end of the Phase
8 period to employ an expendable booster design.
Phase C/D design and development was then concentrated
on a two-stage, parallel-burn booster system concept.
In the development stage (Phase 8) of Space Shuttle
design, extensive wind tunnel data were acquired for •
variety of alternate configurations. These data were
accumulated, converted into standard formats, placed In
a data bank and documented. This work was performed by
the Chrysler Corporation Military Publ Ic Electronic
8
Systems, Michoud
NASA/MSFC.
Engineering Office under contract to
Developmental
Shuttle studies
winged "flyback
configurations considered
were extremely varied.
boosters," "lnline"
vehicles and various
combinations. Wind
vehicles were tested
configurations.
transfer data were
major contractors
for early Space
These Included
staged launch
"parallel staged" orbiter-booster
tunnel models of the various
both in the launch and entry
Aerodynamics, airloads and heat
collected and comp)led from four
and parallel NASA directed studies.
Results were documented individually through a series
of NASA technical reports, contractor reports and test
reports. The digital data and associated descriptive
documentation which were archived have been maintained
end are available for ongoing applications.
current advanced launch vehicle studies are focusing on
many of the approaches considered during original Space
Shuttle studies. Available wind tunnel data for
configurations similar to those currently being
evaluated can be highly valuable to the preliminary
design engineer.
The archived Phase B data is available to the technical
community. Extracts of descriptive information and
9
configuration sketches, and digital test data have been
compiled and are reported herein to facilitate use of
the large data bank for booster, orbiter and launch
configurations.
1.2 Chrysler's Test Database and Archive System
Extensive Chrysler involvement In wind tunnel data
application on NASA programs prior to the Space Shuttle
resulted in development of complex computer systems for
automating these processes.
automating the management
addition to .automating
and
These processes Included
database functions in
the engineering data
applications and computer graphics. These combined
functions were reflected In the name DATAMAN.
The Chrysler developed Data Management System (DATAMAN)
was used to develop design applicable aerodynamic data,
generate extensive plots and cross plots, document, and
database wind tunnel test data from the Space Shuttle
Phase B test program under contract to the NASA/MSFC.
Chrysler initiated the DATAMAN project in early 1970
and continued through both the Phase B and Phase C/D
test programs. Extensive management procedures were
devised to effectivley identify and track the expected
large volumes of data to be generated by a number of
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contractors, and a variety of Phase B configurations.
Hence, a means of conveying descriptive Information
relative to the configurations and associated data was
required.
A four
test inputs were made
and report activities
Phase B test program,
1001 through OMS-DR-1278.
of test results were
databased.
digit report identifier was assigned as initial
to the
on
these
DATAMAN system to track
individual tests. For the
identifiers were OMS-0R-
Thus, approximately 2T8 sets
processed, documented, and
The assignment of identifiers was sequential and they
are,therefore, chronological throughout the Phase B
configuration management. Many other identifiers are
associated with individual tests such as configuration
type, NASA series number, test facility designations
and contractor(s) involved.
Each test was documented in a OATAMAN test data report,
test data were archived in standard OATAMAN formats,
and salient tracking information was compiled. All
these were disseminated to NASA technical and program
management personnel for technical assessment of the
data and managing the overall test program.
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1.3 Extractlna Phase 5 Test Database Information
The
test
arch•red
Digital
recorded
effort involved extracting and compiling Phase B
d•t• contents and descriptive information from the
test data bank and documentation file.
/
database files contained
data and calculated
graphic
tunnel data
contractor.
to provide
results
system
displays. These files
A series of
• readily
available for
studies.
• mix of basic tunnel
analysis data used for
were reduced to basic
and structured by configuration tested and
cat•log reports were assembled
accessible overview of test
future space transportation
These catalog reports are in increasing levels of
detail. The first level consists of summary tables
end selected sketches. These enable the user to scan
for possible applications to his ongoing work.
For • promising or likely candidate configuration, the
user can proceed to the second level of detail where
all available configuration sketches and test
conditions •re compiled.
The third level of detail is the digital data files
where tunnel recorded data resides.
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2.0 COMPILATION OF PHASE B DATABASEARCHIVE CONTENTS
2.1 Comvilatton Ovtlin¢
Results of the Phase B database
contained in the following list.
compilation are
1) Summary catalog report, DMS-DR-01,
containing an overview of database
contents and availability.
2) A three volume catalog report,
DMS-DB-02, containing configuration
sketches and conditions tested.
The three volumes correspond to
booster, orbiter and launch test
configurations.
3) A series of magnetic data tapes
containing available digital files.
These are also structured by
configuration and are described In
transmittal documents DMS-TD-01
through 03, corresponding to
booster, orbiter and launch teat
configurations, respectively.
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4) A directory database information file
formatted for the R-bess relational
database system.
Documentation of the contents of the database is
contained in two reportsl DMS-DS-Ot and DMS-DB-02.
2.2
_ufnmerv Volume
The first document (DMS-DB-01) is
summary report containing planform
the various configurations tested
a single volume
line drawings of
during the Space
Shuttle Phase B program.
the directory file is
component (booster, orbiter and launch) and by
test discipline (aerodynamics, airloads and
transfer).
Tabular information from
included and is divided by
heat
2.3 Mg_el end Test Information
The second document (DMS-DE-02) is
report containing extracts from the
data All line drawingsreports.
a three volume
individual test"
and collation
sheets/run schedules are included. The three volumes
correspond to the three component classifications;
booster, orbiter and launch, respectively. A series
of tabular information from the directory file provide
an outline of available test Information.
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Structure of the tables and sketches is by component
and test discipline with sorting by configuration and
contractor. Each booster and each orbiter
configuration tested are assigned a 2-character code
for purposes of grouping and sorting.
These codes are
Code
General
Configuration
Booster - B1
B2
B3
B4
85
Canard
Cylindrical
Delta Wing
Straight Wing
Unique
Orbiter -01
02
03
04
Delta Body
Delta Wing
Straight Wing
Unique
Launch configurations tested
combination of the above codes.
also sorted by individual
centers. Acronyms for these
facilities are presented in the
are identified by a
Test information is
contractors and NASA
contractors and test
frontispiece.
It should be noted that individual
identified as multiple configurations.
booster and orbiter alone data may
along with
The test
applicable
schedules
section.
launch configurations in
would appear in the tabular
classifications, but
wou I d be i nc I uded
Cross references' are
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tests may be
For example,
have been taken
a single test.
listings for all
line drawings and run
only in the launch
provided in the Index
of Figures for this case end also where multiple
booster or orbiter configuration codes were involved
Jn the same test.
Directory information displayed in tables I, 3, 4 and
6 provide information only for the component
documented in that individual volume. Tables 2 and 5
display information for all tests and components. An
outline of the contents of the three volumes is
illustrated in the Index of Tables.
2.4 Oiaitel Oetebsse
The digital database also follows the structure of
table 1. Database contents represent data as received
from the test facility. However, for some tests an
additional,
included.
second axis
balance test.
encoded with the configuration
information.
calculated, coefficient
These additional schedules
system or extract
Individual
schedule is
are mainly s
data from 8 multi-
datasets within a file are
code in the header
Test date are stored on five magnetic data tapes.
These tapes are 9-track, 6250 FPI, ASCII format.
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File contents are:
_omponent lFil_s
Total 16,552
Config.
eDa_,se_s Codes
1 Booster - Aerodynamics 53 4,216 BI-B5
2 Orbiter - Aerodynamics 89 4,500 01+02
3 Orbiter - Aerodynamics 20 1,962 03+04
4 Launch - Aerodynamics 34 4,034 B1-B3
5 Launch - Aerodynamics 19 637 B4+B5
- Airloads 4 1,182 ALL
- Heat Transfer 1 21 ALL
m
220
Specific test locations on
shown in table 6.
the digital database are
2.5 _irectory File
The directory data file was constructed to assist in
the categor0zat ion of tests and to generate tabular
reports.
l:nformation was extracted from existing administrative
reports and from individual test data reports. The
file was created using the R-base relational database
system by Micror im. A description of the table
information is as follows:
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T_bl_: OMS--O_
Modl¢5 P_s_wQrd: NO
Column de_inxtions
N_m_ TSPQ Lcngth (Characters)
I O_t TEXT
2 C_t TEXT 8
3 TMXt T_XT 12
A NSN TF_XT 1A
5 iUOL TEXT 1
6 UQLt T_T 1
7 PUC.DAT£ TEXT 13
8 LZNE_ TEXT 1
9 TESTTYPE T_XT 15
10 COMP TEXT 7
11 _CC TEXT 3
12 OCC TEXT 3
13 _-COD_ TEXT 15
14 _--CONTRA TEXT 10
15 Q-CODE TEXT 1_
16 O-CONTRA T_XT 10
17 F,_C T_CT 5
IQ TUN T_T 6
19 TESTI: TEXT 15
20 FAC-TSTI: TE_T 26
E_ MACI4 T_XT 15
22 SC_L_ T_XT 12
23 OMS-CDD_ TEXT 6
Eq _-_rPE TEXT 23
_ O-TY_E TEXT 33
26 CONFZG TF._.T 220
E7 PtJ_PGS_ TEXT 150
2B TZTLE TEXT 2:0
2° pROJ.E'NG TEXT 17_
30 OMS--ENG TE_T 30
31 COMMENTS TEXT 150
Curren¢ number of rows: 488
Description
DATAHANReport Number
Contractor Report Number
NASA TMX Report Number
NASA Test Series Number
Number of Report Volumes
Report Volume Number
Report Publication Date
Print Key for Tabular Report
Test Discipline
Test Component
Booster Configuration Code
Orbiter Configuration Code
Booster Classification
Booster Model Contractor
Orbiter Classification
Orbiter Model Comtractor
Test Facility
Test Wind Tunnel
Facility Test Number
Facility, Tunnel, Facility Test Number
Mach Number Range
Model Scale
Two Character Dataset Identifier
Booster Configuration Type
Orbiter Configuration Type
Description of Configurations Tested
Major Test Purpose
Data Report Title
Contractor/NASA Test Engineers
DATAMAN Cognizant Engineers
Directory File Comments/Exceptions
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2.6 Guide to Phase B Database Use
Users of the Chrysler Phase B database have varying
levels of detail available for review. A typical
application is to investigate similarities between
current preliminary configuration designs and
configurations tested during Phase B. As an example,
current applications may be representative of a winged
flyback booster with canards. To research this
configuration the user could follow the steps
illustrated below=
Step 1 -
Booster T_pe
I  ARD
DMS-OB-01, Summary Report; This report would be
reviewed to identify configurations of interest
and corresponding configuration types and
contractors.
INDEX OF MODEL FIGURES - 600STER
PAGE NUMBER
Contractor Aerodynamics Airloads Heat Transfer
MOAC A-l-1 8-1-1 C-1-1 I
CYLINDRICAL
MDAC/I_C A-I-4
PL_FC A-l-5
TBC A-l-6
GO/C A-I-7
I.JqSC A-l-8
_MDAC
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Step 2 - TmDI 9 1. DMS-DB-01, _vmmary Re•or|; Using the
configuration type end contractors Identified
above, I list of applicable tests 18 obtained.
I
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Step 3 DM_,00-02, Vol.1. Boos.ter Confiouration! Locate
the model sketches and test conditions and
par lime t e r s.
i
INOEX OF FIGURES
BOOSTERAERODYNAJ_ICS
BOOSTER
CONTRACTOR OMS-OR • PAGE NUMBER
A-I-I I
SEE C-I-23
A-1-13
BOOSTER
CONFIG.
CODE
II MOAC 103SBl MDAC I_08
01 MOAC 113g
81 MOAC/MMC 1054
St MOACIMMC 1066
el MOAC/MMC I07T
61 MOAC/MMC 1080
A*I-4S
A-1-64
A-I-T8
A-1-96
|_t
3O
ORIG'_AL PAGE tS
OF POOR O!,,!ALtTY
Step 4a-
_8_ase_/Run Number _911a_ign Spmmaryl Examine
collation sheets to determine test Msch range,
angle of attack/sideslip ranges, configurations
and control surfaces/parametric conditions.
CONFIGURATIONS
TESTED
DIGITAL
DATABASE
FACILITY TEST INUMBER
PARAMETRI C ]CONDITIONS
MACH INUFIBERS
OELIJ woml Ot_|1tll
IOu¢
TIIT _M.,4] DATA I_UNliEa ime0aai J-I* $04
¢OLLAT|Om
g] Pit ETEiT
I_'POS T T [| T
mLrlUrlD _ft_J_llOO l, l,, L,, Jotj ej.| j 19 _,,m, 0 5 O 9 !I 7 ,. q J ?.,_ 1 I
• t54 . -- to to '5 xo Is tO IT 16
| _O _ • 0 • Q 1 Z5 Zt _ 1 21
)It _o $ ]o I? 10 ;,1 ;N&
111 m $ ]5 _ 11 12 11
a16 ,IO !i $ 44 IN 14 W
B55 ] .zol.ao ._o .ao | 11 3_ _3 5_ _t
;'"_ i Iol • o -to 1 Io, _ }O IT }6
/ II ',
• • - -i. -_, O, i. t, l, |?i lhi
o¢ - *'0, ;r_, ,10, _, lb. •0. *WJ. 44.
ANGLE OF ATTACK
RANGE TESTED
AERODYNAMI C
COEFFI CIENTS
_ Iemi_ 8mL_mlm
TEST RUN
NUNBERS
21 OF pL)L_ _UALITY
Step 4b- _nfiauration Sketchesl Examine configuration
sketches to obtain model and aerodynamic details
such as model dimensions, wing type. canard
surfaces, tall surfaces, body shape.etc.
_II, UARO _|T|m
MOAC
DaOS03| &-t- I|
(,k_
.... "_.S• .,r -kk _
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p-,'_ |OF i._O0{..:._ uAL,TY
Step S - Table 2. DMS-DB-02, Vol,_0 Refer to table to
determine publication availability: data
report, contractor report or NASA publication.
TebIe l
I_ S_[Io i_ee a MO_ YL_a,wl
re,lt 04ui:_e Ll|t_14 ev ¢J_mimr
||n0|o VOI. V_ llie-s
I_ -ell| IIUae | III IleMll ( e _elll INmml gt
DO0 D | lie|l°| leo o $ Dell. ell
loll IIBII I I _ II.lll
_NOCL|
FICILIfV f||1 liar P.eOIII_|f
IMI,¢ ellfw_ 4Ol _|l|m
&RC ll,|me Fe _|erfQ
lolleD| ! tel.leo
el|ell I eel. Doe
lille O,.eeeeOO ! _
Step m Test Documentation0 Refer
to obtain test procedures,
data presentation.
to test documentation
model description and
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Step DiQital _ataba_e, Table 2 in OMS-OB-O! (Table 6 in
DMS-DB-02); the user. after determining
appl icabi I i ty, can access the test data from the
digital database files for further analysis and
application.
i
TABLE Z. 1
SPACE SHUTTLE PHASE B
DIGITAL DATABASE
BOOSTER AERODYNAMICS
FILE
#
1
Z
3
4
BCC
81
-F
8-CONTRA DR#
MDA..___CC 1035 CC
1133 _2
1054
1066
1077
6__
2-CHAR. # Q
CODE D/S's RECORDS
CE
AD
- C0
69 967
574 8037
ZO8 ZlB5
86 1033
__96 1057
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3.0 NOMENCLATURE AND AXIS SYSTEMS
A standard set of nomenclature and axis systems
definitions for DATAMAN reports were established
during the Phase B test period. They were compiled
from inputs from the various contractors and test
facilities involved in the test program and are shown
on the following pages.
Additions to the standards were required for
individual tests due to the many configurations
investigated. These additions are documented in the
individual test data reports.
Numerous reference dimensions and
center locations were used by the
for the many configurations tested.
dimensions and
configuration
data reports.
the header
database.
moment center
are described in
This information
block of each
moment reference
varius contractors
Model reference
locations for each
the Individual test
is also contained in
dataset on the digital
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S_BOL
s
M
P
q
_/L
V
Q
P
¢
P
b
c._.
S
b
1
s
t
Q(N_)
_/L
ALPHA
BETA
PSI
PHI
E_EF
_EF
D_P
N_CLATURE
Generel
speed of sound; n/sec, f_/sec
pressure coe£flcient; (Pl " Pm)/q
Mech number; V/8
pressure; N/m 2, psf
dyn8_c pressure; 1/2pV 2, N/m 2, psf
unit Reynolds number; per m, per ft
velocity; m/eec, ft/sec
angle of attack, degrees
angle of sldesllp_ degrees
ankle of yavp deKrees
sn_e of roll, degrees
_sss density; kK/m 3, slugs/ft 3
Reference & C.G. Def_ltions
base ares; =2, ft2
ring span or reference span; m, ft
center of gravity
reference len_h or ring mean
8erod_a:tc chord; =, ft
ring area or reference ares; m2, ft 2
mc_en_ reference po£nt
momen_ reference pains on X 8xts
mo:en$ reference pains on Y 8xls
moment reference point on Z axis
base
locel
static con_tlons
total conditions
free stream
26
S_OL
cA
CAb
CA£
Cn
cL
CL
cIj
CDb
CDf
Cy
c=
c.
c/
_D
C_
CA
CY
CAn
CAF
C_4
CTN
CBL
CL
CD
CDB
CDF
CY
CI2d
CZ_|
C_L
_D
NC_J_CLA_RE (Continued)
]Bod_,-AXA s S_stem
DEF_ITTON
n_rmal-force coefficient; normal force
qS
.xtsl-force coeSflcient; .xi.l force
qO
cide_force coeffAcient;
bnse-force coe_fici,,nt;
-Ab(_b" p®)/qS
cide force
qS
b:,n_ forcu
qZ
forebody :Jxiul. force coefficient, CA - CAb
pitc_Lng-moment coefficient; pitchin_ moment
ysving-momenC coefflcienC; _e_In_ moment
qSb
rolllng-moment coefficient; rmllln_ moment
qSb
Stsbility-Axls S_stem
llft coefficient; Lift
qS
drog coefficient; (Lre_
qS
bese-cLre_ co..fflcien¢;
forcbody dxsg coefficient; CD - CDb
side-force coefficient; side force
qS
pitching-moment coefficient; pitc_in_ moment
qS]REF
ys_inq-momen_ coefficient;
rolling-moment coefficient;
lift-to-d_og ratio; CdC D
y.win_ moment
qSb
rollln_ moment
qSb
37
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TABLE 6.3
SPACE SHUTTLE PHASE B
DIGITAL DATABASE
LAUNCH AERODYNAMICS
FILE
#
I
2
3
4
5
6
7
3
9
i0
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
3O
BCC
BI
_w
, p
B1/B3
B1
i
'r
B2
B2/B3
._BI
I
I
!
B3/B4
B3
i
'r
B3/B4
)
B__ 3
B-CONTRA OCC
MDAC (_2/_3
q r
MDAC/MMC i
i
TBC _I
MDAC
GD/C _2..
I
NDAC
MSFC
i
'r
NR
TBC
MSFC _4
GDIC 021J33
'F
NMC 'r
MSC 92/03
MSC/MDAC _
TBC I_2/I_4
MDAC (_3
Z-CHAR # #
O-CONTRA DR# CODE D/S's RECORDS
MDAC
GAC
MDAC
!MSC
MSC
NR
MSC
GAC
NR
Ms.._ c
MSC/MDAC
MSC
1065 AB 132 1618
110B T8 882 9691
1118 AC 144 1837
1117 LR 154 1721
11gO MU 16 225
1148 34 118 1417
1099 AY 24 265
1166 43 12 145
1204 50 41 560
1210 58 76 913
1230 D7 1051 13235
1256 71 88 1233
1272 71 62 869
1241 60 44 397
1249 65 24 337
1251 66 26 365
1265 BH 21 295
1267 BG 120 1681
1185 51 26 313
1227 57 36 505
1181 46 16 193
1052 CA 99 1219
1127 AZ 55 606
1130 32 laO 1751
1237 BB 26 365
1213 56 42 589
1115 CU 104 1249
1038 AA 227 2569
1183 48 74 1037
1047 LB 10 86
9O
TABLE 6.3 (Continued)
SPACE SHUTTLE PHASE B
DIGITAL DATABASE
LAUNCH AERODYNAMICS
FILE
#
31
32
33
34
BCC
B3
B3/B4
B3
3-
B-CONTRA
MDAC
MSC
GD/C
OCC O-CONTRA DR#
MSC 1061
1058
NR 1119
T 1162
Z-CHAR
CODE
LC
CH
31
39
#
D/S's
10
80
29
25
#
RECORDS
91
881
407
351
91
TABLE 6.3 (Concluded)
SPACE SHUTTLE PHASE B
DIGITAL DATABASE
LAUNCH AERODYNAMICS
FILE
#
I
2
3
4
5
6
7
8
9
I0
11
12
13
14
15
16
17
18
19
BCC
B.4
I
I
l
B5
B-CONTRA
 i_c
i
MSC
T
TBC
t,
LMSC
LARC
I
MMC
TB__CC
,p
MMC
TBC
T
OCC O-CONTRA
02103 NR
am
i
i' I'
__ MSC
1714_ GAC
@I LMSC
02 NR
i, ,I
p2/p4 MMC
02 NR
3- T
_}3 GA__.CC
9/
DR#
1050
1051
1075
1042
1063
1122
1136
1137
1085
1197
1198
1200
1182
1055
1091
1044
1188
1140
1187
2-CHAR
CODE
AG
22
AH
AN
AB
AW
BC
BC
AV
MW
MY
MZ
47
25
30
24
45
33
44
#
D/S's
14
76
52
3
90
26
5
30
20
98
50
36
26
9
19
18
23
22
20
#
RECORDS
169
875
696
31
1006
330
54
313
221
1167
576
429
313
127
267
253
323
309
261
93
TABLE i_.4
SPACE SHUTTLE PHASE B
DIGITAL DATABASE
LAUNCH AIRLOADSA_D HEAT TRANSFER
FILE
# BCC
:1
:AIRLOADS
20 BI
T
22 B2
23 B4
HEAT TRANSFER
24 BI
B-CONTRA
i,,
MDAC
OCC O-CONTRA
MDAC
T
Z-CHAR #
DR# CODE D/S's
: ,
1174
1222
MSFC
GD/C
MDAC P2
MSFC
NR
MJ)AC
1259
1129
1263
T8
TC
67
AX
eL
B91
113
48
130
RECORDS
r
11881
5490
1315
4959
247
93
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